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ABSTRACT
In laboratory studies, 24 hr LC^q values obtained for 
Ambush^ and Pydrin on 18-27 mm juvenile red swamp crawfish, 
Procambarus clarkii (Girard), in clear water were 0.49 and 
0.37 ppb, respectively. values derived for 10-20 mm
channel catfish fry, Ictaluras punctatus Rafinesque, were 
1.81 and 1.83 ppb, respectively for Ambush® and Pydri A  
The addition of alluvial soils to test waters had no appar­
ent effect on toxicity to crawfish but did reduce toxicity 
to channel catfish. This was attributed to a strong ad­
sorption to clay and organic components of the soils.
(Si ®Applications of field rates of Ambush'4* and Pydrin to 
earthen ponds containing caged adult crawfish resulted in 
nearly total mortality. However, mortality was nominal 
7-10 days posttreatment. Tissue residue analyses of craw­
fish surviving the applications indicated that they do not 
readily accumulate pyrethroid residues.
In a separate pond study, mortality of 0.5 kg channel
(S)catfish was unaffected by similar applications of Ambush'£y 
and Pydrin . The catfish did accumulate pyrethroid resi­
dues in muscle and visceral tissue. However, none of the 
residues exceeded the F.D.A. established or proposed 
tolerances. Permethrin and fenvalerate residues were not 
detectable in fish collected in the fall of the year from 
several agricultural watersheds.
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In both pond studies, permethrin residues in pond 
water became undetectable 7-9 days posttreatment. 
Fenvalerate residues in water acted similarly, but in one 
of the studies were still present at low levels 14 days 
posttreatment. Both pyrethroids were highly attracted to 
sedimentary materials. This was evidenced by relatively 
high residues in bottom sediments 24 hr posttreatment. 
Sediment residues were much more persistent than those in 
water, but were less than 10 ppb 14 days posttreatment.
Both water and sediment residues followed exponential pat­
terns of decay. Calculated half-lives for permethrin 
ranged from 1.9 to 13.6 days in water and 6.3 to 14.6 days 
in bottom sediment, depending on application rate. 
Fenvalerate half-lives ranged from 1.9 to 5.8 days in water 
and 3.2 to 8.5 days in sediments.
CHAPTER I
Toxicity of Ambush® and Pydrirf® to Red 
Crawfish in Laboratory and Field Studies 




The pyrethroids represent the newest class of 
insecticides and are presently being developed and mar­
keted in several countries. They are basically synthetic 
mimics of the botanical pyrethrins, with various halogens 
and benzene rings added to provide increased photostabil­
ity and activity. Although pyrethroids are relatively 
expensive to manufacture, their greater activity against 
lepidopterous insects permits fewer applications at lower 
dosages (Elliot 1977). This high insecticidal activity, 
accompanied by relatively low bird and mammalian toxici- 
ties should make pyrethroids the dominant class of insecti­
cides this decade.
Fenvalerate (Pydrirf®) and permethrin (Ambust®, Pounc®) 
are the 2 most widely used pyrethroids at present. Current 
or pending labels include cotton, soybean, field corn, 
sugarcane and numerous vegetables.
Red swamp crawfish, Procambarus clarkii (Girard), have 
previously shown extreme sensitivity to P o u n c ®  applied to 
clear water in the laboratory. Jolly et al (1978) deter­
mined the 96-hr LC^q values for this species to be 0.39 
and 0.62 ppb for 8-12 and 20-30 mm juveniles, respectively. 
A planktonic relative, the copepod has also shown sensitiv­
ity to P o u n c ^  (Mulla et al 1975) and Pydrin® (Miura and 
Takahashi 1976) under field conditions. Additional
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published information on pyrethroid toxicity to crustaceans 
is unavailable.
Crawfish (Decapoda, Astacidae) occupy important niches 
in the food webs of many ecosystems by providing an impor­
tant seasonal food source to high level consumers such as 
bullfrogs, Rana catesbeiana (L.), largemouth bass, Microp- 
terus salmoides (Lacepede), and various species of wading 
birds. Economically, they provide a substantial contribu­
tion to fisheries in various parts of the world (Avault 
et.al 1970).
In Louisiana, commercial production of red swamp 
crawfish in ponds is of considerable importance to many 
local economies. For example, pond-reared crawfish ac­
counted for approximately 80 percent of the 60 million 
dollar industry in 1981 (delaBretonne 1982) . In most 
cases, crawfish ponds are located in close proximity to 
agricultural fields and consequently are subject to 
pesticidal drift and/or run-off from cultivated fields.
Hence, this study was initiated to determine the
f i t  fS\acute toxicity of Ambusnty and Pydrin^ to red swamp craw­
fish, both in the laboratory and in earthen ponds, and 
to ascertain the possibility of pyrethroid residue accu­




Acute toxicity studies were conducted in the laboratory 
using 18-27 mm juvenile red swamp crawfish obtained from 
area drainage ditches (see Appendix Table 1). Crawfish 
were collected with dip-nets and returned to the laboratory 
where they were placed in glass holding tanks (containing 
ca 75 L of ditch water) for 24 hr prior to treatment .
Two replications of 50 crawfish each were used for 
each concentration. They were placed in 3 8 Lglass aquaria 
lined with polyethylene bags containing 20 L of aerated, 
deionized water. Each tank was supplied with 1 g of a 
crustacean laboratory diet described by Jolly (1977), and 
crawfish were allowed to acclimate for another 12-18 hours.
One-hundred ppm stock emulsions of Ambusl^P and Pydrii® 
were prepared and pipetted into aquaria in successively 
increasing volumes to obtain the desired concentrations. 
Initially, mortality readings were taken 6 , 12, 24, 48, 72 
and 96-hr posttreatment. However, due to the cannabalistic 
nature of this species and the relatively rapid effects ex­
hibited by both chemicals, subsequent tests were evaluated 
at 24 and 48 hr intervals. Pretreatment temperature, pH 
and dissolved oxygen of test waters ranged from 17.1- 
21.0°C, 5.1-8.4 and 5.6-9.6 ppm, respectively (see Appendix 
Table 2). Laboratory lights (55 lumens at desk-height) 
were kept on for the entire duration of the study.
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Horizontal movement of soil-adsorbed pesticides 
following rainfall events is of major importance in the 
displacement of agricultural pesticides in the environ­
ment (Bailey et al 1974) . The pyrethroids have exhibited 
octanol-water coefficients greater than 10  ̂ and therefore 
are highly lipophilic, strongly adsorbed by most soils, 
and should be prone to this form of displacement (Breese 
1977). In view of the relatively high sediment loads of 
Louisiana's agricultural watersheds, "muddy" water static 
tests were also undertaken to determine possible differ­
ences in toxicity due to adsorption of the pesticides to 
the surfaces of mineral and organic components.
Three types of Mississippi alluvium were obtained 
from cultivated fields on the Northeast Louisiana Experiment 
Station at St. Joseph. They were a Mhoon loam (Thermic 
Typic Fluvaquents), a Commerce loam (Thermic Aerie Fluva- 
quents), and a Sharkey clay (Thermic Vertic Haplaquepts). 
All 3 soils were submitted to the LSU Feed and Fertilizer 
Laboratory for particle size and pesticide residue analy­
ses (see Appendix Tables 3 and 4). Prior to use, the 
soils were sterilized in an autoclave adjusted to a tem- 
perature and pressure of 120°C and 1.05 kg/cm for 2 hrs, 
then removed, covered, and allowed to sit for 24 hrs.
This procedure was repeated 2 times to obtain adequate 
germination of resistant microbial spores. One hundred 
g of soil were stirred into test waters (20 L per aquarium) 
immediately after filling. Kletts meter readings taken
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prior to pesticide applications were used to indicate water 
turbidity (see Appendix Table 2). Results of each assay 
were analyzed with Daum's (1970) probit analysis program 
in order to ascertain the 24 hr LC^q .
Earthen Pond Study
Nine (9) 0.014 ha earthen ponds on the Ben Hur Farm 
at Baton Rouge were used for a field study. The ponds were 
filled with surface water to depths of 71 ± 10 cm [based on 
18 readings per pond (see Appendix Table 5)] ca 96 hrs 
prior to treatment.
One-hundred fifty (150) adult red swamp crawfish and 
150 adult white river crawfish, Procambarus acutus acutus 
(Girard), were placed in cages fashioned from 1.5 m lengths 
of 0.95 cm hardware cloth. Fifty (50) individuals were 
placed in each cage and supplied with cut shad for food. 
Bullfrogs, Rana catesbeiana (L.), were collected from sur­
rounding ponds and released into study ponds so that they 
would be available for subsequent tissue residue analyses. 
Average temperature, pH and dissolved oxygen immediately 
prior to application were 28.2 ± 1.3°C, 8.9 ±  .4 and 12.1± 
2.0 ppm, respectively (see Appendix Table 6). Two 8 L 
compressed-air sprayers were used to administer one of the 
following rates of Ambush^ or Pydrin® to each of 8 of the 
ponds: 0.028, 0.056, 0.112 or 0.224 kg a.i./ha.
Mortality counts were taken 24 hr posttreatment, the 
death criterion being "failure to move locomotor appendages
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when prodded." All of these animals were then removed and 
100 fresh adult red crawfish (50/cage) were placed in each 
pond for 24 hr to determine residual effects of the 2 
pyrethroids at each rate. This procedure was carried out 
up to 120 hr posttreatment.
The procedure was then repeated 1 week post­
application (168 hr) with crawfish being exposed for a 96 
rather than a 24 hr interval. At each interval, all of 
the survivors in each treatment were pooled together for 
residue analyses. Dead animals were discarded.
Crawfish Tissue Analyses
In the laboratory, crawfish used for residue analyses 
were briefly rinsed with deionized water and their exoskel­
etons removed. Tail-meat and "fat" (hepatopancreatic tis­
sue) were removed and stored separately at -10°C. Tail-meat 
samples were minced and placed in 0.24 L cardboard contain- 
ers lined with Bel-Art^ bags. "Fat" samples were stored 
in 100 mL glass vials capped with Parafilm^ to allow for 
expansion during freezing.
All tissue residues except those in the Ambush - 
treated tail-meat were extracted, cleaned and quantified 
by personnel at the U.S.D.I. Patuxent Wildlife Research 
Center, Laurel, MD. The methods used were described pre­
viously (Reichel et al 1981).
The procedure for extraction, clean-up and gas 
chromatographic analysis of Ambusn*^-treated tail-meat
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was performed at the LSU Feed and Fertilizer Laboratory as 
follows. Ten gof crawfish tail-meat were pounded with 40 g 
Na2S0^ using a mortar and pestle and extracted on a mechan­
ical shaker with hexane for 30 min. The extract was then 
centrifuged at 2000 rpm for 5 min and the supernatant de­
canted and evaporated to dryness. The fat was weighed and 
remelted using a hot water bath, then recovered with hexane 
and quantitatively transferred to a 125 ml separatory fun­
nel for partioning of fat and pesticide. The extract was 
agitated with 30 mL hexane-saturated acetonitrile and the 
aqueous layer transferred to a 1000 mL separatory funnel 
containing 700 mL of a 2 percent saline solution with 100 
mL hexane above. Funnels were agitated for 1 min and the 
aqueous layer transferred to a second 1000 mL funnel con­
taining 100 mL hexane. The second funnel was then shaken 
for 1 min and the aqueous layer discarded. Organic phases 
of both funnels were combined, rinsed with water, drained 
through Na2S0  ̂ and evaporated to ca 20 ml. The 20 mL 
aliquot was applied to a prewetted (15 mL hexane; 15 mL
(gjelution solution; 5 mL hexane) Florisil^ column [1.5 x 20
(r)cm reservoir volumn packed with 6 g Florisir4* (60/100 mesh, 
activated at 135°C) topped with 1 cm Na2S0^]. Fifty-five 
mL of 95:5 hexane/ethyl acetate was added to the column 
and the eluate collected and adjusted volumetrically for 
gas chromatographic analysis. This procedure resulted in 
an average overall recovery of 85 percent while Florisil 
recovery averaged 95 percent.
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Three (3) uL injections of the extracts were analyzed
for permethrin using a Perkin-Elmer 3920 gas chromatograph
fi ̂equipped with a Ni electron capture detector operated at 
275°C and with inlet and column ovens at 250 and 225°C, 
respectively. Filter-dried argon with 5 percent methane 
set at a flow rate of 85 mL/min was used as the carrier 
gas. The column was a coiled Pyrex glass tube 122 cm long 
by 4 mm i.d. packed with 3 percent Sila J *  5 CP coated on 
Gas chrom Q 80/100 mesh. Under these conditions, retention 
times for cis- and trans-permethrin were ca 14 and 18 min, 
respectively. Residue levels were calculated by comparing 
peak heights of the sample eluates to those of a known 
standard (FMC 94.4 percent technical permethrin furnished 
courtesy of Analytical Section, Environmental Protection 
Agency, Beltsville, M D ).
Pond Water and Bottom Sediment Analyses
During the study, pond water and bottom sediment 
samples were also collected 1, 2, 4 and 7 days posttreat­
ment for residue analyses. Each sample was a composite 
of 15 50 mL grab samples taken at random locations in each 
pond. Samples were frozen at -10°C in 1 L widemouth glass 
jars until analysis.
Extraction and quantification of water and bottom 
sediment were performed by Sammy Smith at the U.S.D.A.
Soil and Water Pollution Laboratory in Baton Rouge. A 
300 mL aliquot was taken from each 750 mL composite for
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pond water analyses. Fenvalerate extraction was accom­
plished by stirring the 300 mL aliquot with 150 mL benzene 
on a magnetic stirrer for 1.5 hr. The mixture was quanti­
tatively transferred to a 1 L separatory funnel and the 
water drained and discarded. The benzene extract was 
dried over anhydrous Na2S0  ̂ for gas chromatographic 
analysis. Permethrin extraction from the pond waters 
followed the same procedure except hexane was used for 
extraction rather than benzene. Extraction efficiency 
for both insecticides was 95 percent using this procedure. 
The limit of quantitative detection was 0.05 ng/mL water.
Bottom sediment samples were homogenized and air- 
dried on aluminum foil. Triplicate 10 g aliquots of 
fenvalerate samples were mixed with 200 mL of 60.5:
39.5 benzene/methanol (V/V) and soxhlet extracted for
1.5 hr. The methanol was removed with 3 washings 
in a 1 L separatory funnel. This method yielded a 95 
percent recovery of fenvalerate. Permethrin aliquots 
were added to 200 mL of 50:50 hexane/acetone and soni­
fied for 3 min. The suspension was filtered and acetone 
removed with 3 i^O washings in a 1 L separatory funnel. 
Permethrin recovery was 90 percent using this method.
Both extracts (benzene and hexane) were dried with an­
hydrous Na2SO^ and volumes adjusted for GC analysis.
The lower limit of detection was 0.5 ng/g soil.
Aliquots (5 uL per injection) of the water and sedi­
ment extracts were analyzed for permethrin and fenvalerate
using a Micro-Tele^ model D55-162 gas chromotograph equipped
with a solid state temperature programmer, dual channel
6 ̂electrometer, high temperature Ni electron capture detec­
tor and a Hewlett-Packard model 3388A plotting integrator. 
The detector was operated at a temperature of 270° C and 
inlet and column ovens were set at 245 and 200°C, 
respectively. The carrier gas (filter-dried flow rate
was 180 mL/min. The chromatograph column was a coiled 
Pyrex glass tube 1 . 2 m  long by 6 mm o.d. and 4 mm i.d., 
packed with 3 percent SP 2401 on 100/120 mesh Supelcoport®. 
Under the above conditions, retention times were 2.5 min 
for cis-permethrin, 3.5 min for trans-permethrin, 8.5 min
for X-Pydrin^ (RS, SR enantiomeric pair) and 9.7 min for 
(B)Y-Pydrin^ (RR, SS enantiomeric pair). Analytical standards 
were cis-permethrin (99+ percent purity, FMC 35171) and 
trans-permethrin (99+ percent purity, FMC 30960), both 
supplied by the Agricultural Chemical Division of FMC 
Corporation, Middleport, NY, and fenvalerate (99.4 per­
cent purity), courtesy of Shell Development Company, a 
Division of Shell Oil Company, Modesto, CA.
RESULTS AND DISCUSSION
Laboratory Studies
Two calendar years were required to complete the 
bioassays since animals of the desired size were only 
available from January through March of each year. The 
results have been summarized in Table 1.
Mortality with Ambush^ applied to deionized water 
was similar to that reported for Pounce® on slightly 
larger crawfish (Jolly et al 1977). The LC^q values 
obtained in the Mhoon and Commerce loam studies were 
higher than those obtained in the deionized or Sharkey 
clay tests. This increase in tolerance may have been 
due merely to larger body sizes of the test animals. 
Crawfish in the aforementioned tests had average weights 
of at least 0.1 g higher than the latter (see Appendix 
Table 1).
(G\Values obtained for Pydrin were very low and were 
also influenced more by differences in body mass of test 
animals than by differences in soil composition.
Both Ambush® and Pydrin® exhibited rapid toxicities.
Mortality was observed to occur ca 0.5 hr posttreatment in
/6\Ambush^ tests, while Pydrin required 1.5-2.0 hr to induce 
mortality. The effects of both chemicals were short-lived 
though, since less than 1 percent of all mortality occurred 
after 24 hr posttreatment.
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Table 1 . Toxicity of Ambush® and Pydrin® to P. clarkii in static bioassays, Baton 
Rouge, LA, 1980-81.
24 hr LC50 - as 
(with 95%









Ambush® 0.49 (0.45-0.55) 1.05 (0.95-1.19) 1.07 (0.92-1.39) 0.49 (0.41-0.57)






The toxicity of Ambush^ applications was apparent 
almost immediately. Within 5 min, the surfaces of ponds 
treated with the 2 highest rates seemed to "vibrate” with 
hyperexcited waterboatmen (Corixidae) and backswimmers 
(Notonectidae). Activity of occasional giant water bugs 
(Belostomatidae) and odonate naiads was also increased. 
Crawfish in the test cages were observed crowding into 
the upper portion of each cage (above the pond surface), 
apparently trying to escape the toxicant. This may also 
have been the result of a rapid increase in metabolic rate 
of the crawfish, resulting in localized depletions of oxy­
gen in the pond waters.
None of the aforementioned effects were apparent in 
/6)the Pydrin^-treated ponds. This agrees with previously 
mentioned laboratory observations in which mortality oc­
curred 4 times faster in the Ambush® assays.
Bullfrogs, which had been released into the ponds 
pretreatment, moved out of them between the time of appli­
cation and the 24 hr posttreatment observations. It is 
questionable whether this behavior was an effort to escape 
toxic water or to find a better food source. (The native 
population of crawfish was eliminated in treated ponds, as 
evidenced by a rapid decrease in water turbidity.)
With one exception, total crawfish mortality was 
observed 24 hr posttreatment in the 8 treated ponds. Red
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crawfish caged in the pond treated with the lowest rate of 
Ambush® (0.028 kg/ha a.i.) were the only survivors (Table 
2). Since cages containing each species were literally 
"side-by-side," this suggests that white crawfish are less 
tolerant to permethrin than red crawfish.
Mortality of red crawfish exposed to the pond waters 
1-4 days posttreatment followed a typical pattern. That 
is, there was a positive correlation between application 
rate and mortality, and a negative correlation between 
number of days posttreatment and mortality. Statistical 
analyses indicated that these relationships were exponen­
tial rather than linear. By the fifth day posttreatment, 
mortality had fallen to relatively low levels in all ponds 
except the 2 treated with the 0.224 kg/ha a.i. rate of 
each pyrethroid (Table 3). When crawfish were exposed 
for 96 hr in these ponds 2 days later, mortality was sub­
stantially lower (Table 4).
Residue analyses of pond water and bottom sediment 
support the mortality data (Tables 5 and 6). By the seventh 
day posttreatment, detectable residues were only present in 
water treated with 0.224 kg/ha a.i. of both compounds. 
However, residues in bottom sediment did not dissipate as 
rapidly, leveling off 2 days posttreatment and gradually 
declining thereafter. Even 7 days posttreatment, sediment 
residue levels in all ponds were higher than most LC^q 
values obtained in the laboratory. The fact that crawfish 
mortality at this point was nominal is probably due to a
Table 2 . Percent mortality 24 hr posttreatment of 2 species of crawfish exposed to
different concentrations of Ambustt® and Pydrin© in earthen ponds, Baton Rouge, 
LA, 1980.
~  ~ Ambush!® (kg/ha) Pydrir® (kg/ha)Check Q<028 0_056 0>112 0 _22i[ 0t02g 0 _056 Qtll2 Q>224
Red Swamp 1.4 64.6 100 100 100
White River 0.7 100 100 100 100
100 100 100 100 
100 100 100 100
Table 3 . Percent mortality of P. clarkii exposed to 1, 2, 3 and 4 day-old residues of 
Ambush® and PydrinB) applied to earthen ponds, Baton Rouge, LA, 1980.
Exposure
Interval Check
Ambush^ (kg/ha) Pydrir/0 (kg/ha)
0.028 0.056 0.112 0.224 0.028 0.056 0.112 0.224
24-48 hrs 4 16 24 100 100 24 100 100 100
48-72 hrs 3 30 20 44 100 40 87 99 100
72-96 hrs 5 10 10 7 94 5 7 5 71
96-120 hrs 3 7 5 6 29 4 8 11 32
Table 4 . Percent mortality of R_ clarkii exposed for 96 hr to week- 
old residues of Am busnB) and Pydrir® applied to earthen 
ponds, Baton Rouge, LA, 1980.
Check kg/ha0.028 0.056 0.112 0.224
A m b u s h 3 4 3 9 9
Pydrirf^ 3 4 6 5 18
00
Table 5 . Fenvalerate and permethrin residues detected in water collected from earthen
ponds sprayed with 4 rates of Pydrir® and AmbusWv, Baton Rouge, LA, 1980.
Pyrethroid kg/ha Residue (ppb)applied 24 hr 48 hr 96 hr 168 hr
Pydrit$ 0.028 1 .12 0.54 0 .08 ui/
ft 0.056 3 .34 0.77 0 .26 u
It 0.112 10 .91 1.64 0.37 ty
M 0.224 14 .23 2.10 0 .73 0 .11
cis/ trans cis/trans cis /trans cis /trans
A m b u s h 0.028 0.34 0.19 T U U U U U
It 0.056 1.01 0.76 0.24 T U U U U
M 0.112 2.37 1.89 1.77 0.93 0.87 0.31 u U
It 0.224 6.34 4.75 2.86 1.99 1.97 2.03 0.09 U
U = undetectable 
%J t = trace levels < 0.01 ppb
Table 6 . Fenvalerate and permethrin residues detected in bottom sediment collected from




24 hr 48 hr 96 hr 168 hr
Pydrin® 0.028 1.29 2.37 2.11 0.59
tf 0.056 5.31 4.96 3.29 1.76
If 0.112 17.55 15.31 16.17 9.05
II 0.224 54.38 49.93 37.27 21.17
cis/trans cis/trans cis/trans cis/trans
A m b u s h 0.028 0.97 0.77 1.03 0.87 0.81 0.60 0.66 0.49
11 0.056 4.13 3.97 4.06 4.21 3.18 3.61 1.76 2.09
IV 0.112 11.17 8.81 9.91 9.09 7.73 8.12 5.45 6.01




very strong adsorption to suspended sediment (and subse­
quent settling) and the ability of the crawfish to avoid 
contact with the pond bottom by resting on the sides of 
the cages. In addition, it is quite probable that adult 
crawfish are less susceptible to these compounds than are 
juveniles of the size used in the laboratory tests.
With the exception of fenvalerate residues in water 
(P = 0.06), differences in water and sediment residues due 
to application rates were highly significant (P<0.01) on 
any given date (see Appendix Tables 10-13) . All residues 
were significantly lower (P<0.01) from one sampling date 
to the next.
The persistence of cis- and trans-permethrin (cis-p 
and trans-p) is strongly dependent on various environmental 
factors. Trans-p is more thermodynamically stable and con­
stitutes 65-70 percent of the isomers at equilibrium. 
Photolysis of cis-p is ca 1,6 times faster than trans-p 
(Holmstead et al. 1978), but cis-p is more resistant to 
chemical and biological degradation (Sharom and Solomon 
1981, Smith and Willis 1983), rendering it greater stabil­
ity in the soil (Carroll et al.1981). Fenvalerate is gen­
erally more persistent than permethrin and seems to be 
degraded most rapidly via microbial pathways (Chapman et 
al.1981, Ohkawa et al,1978). Both permethrin and fenval­
erate adsorb very tightly to mineral and organic components 
in soils. While this tight adsorption allows them moderate
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resistance to degradation, it also prevents their vertical 
and lateral movement in the soil strata (Kaneko et al.1978, 
Mathur et al.1980, and Hill 1981).
The water and sediment analyses generally demonstrate 
faster degradation of trans-p than cis-p, although the dif­
ference is small. Contrary to previous studies, fenvaler­
ate was not necessarily more persistent than permethrin.
In pond water, permethrin exhibited less persistence than 
fenvalerate at the 2 lowest rates and greater persistence 
at the 2 highest rates of application. In bottom sediment, 
permethrin was more persistent regardless of application 
rate.
Half-lives obtained for permethrin in cultivated 
soils vary from 6 (Kaneko et al.1978) to more than 113 days 
(Mathur et al.1980). Hill (1981) derived a half-life of 42 
days for fenvalerate-treated soil exposed to extremely cold, 
wet conditions. Half-lives obtained in this study by ex­
ponential regression of data are much shorter. The calcu­
lated half-lives in pond water and bottom sediment were 5.8 
and 9.4 days, respectively, for permethrin and 3.2 and 6.3 
days, respectively, for fenvalerate (see Appendix Table 22). 
The more rapid degradation of both is apparently due to 
higher temperatures, more intense sunlight, and greater 
microbial activity during the study.
Tissue analyses revealed very little accumulation of 
either permethrin or fenvalerate in tail-meat and "fat" 
(Table 7). The analytical method used for tail-meat from
Table 7 . Fenvalerate and permethrin residues in cagecL live P. clarkii collected from
earthen ponds sprayed with 4 rates of PydrirlB and Ambush®, Baton Rouge, LA,
1980.
•n kg/ha Residue (ppb) at various posttreatment exposure intervals
Pyrethroid applied 0-96 hr V r 24-48'hr fa-72 hr 72-9rhr----7-10 day
TAILMEAT
Pydrin® 0.028 NA-/ X $J U U Uft 0.056 NA NA u U U11 0.112 NA NA NA U Uff 0.224 NA NA NA U U
A m b u s h 0.028 12.1 U U U Uft 0.056 NA U U U Uri 0.112 NA NA 10.6 8.9 5.4it 0.224 NA NA NA 22.1 7.3
Pydriil^
"FAT"
0.028 NA U U U Uft 0.056 NA NA U U UIt 0.112 NA NA NA U UII 0.224 NA NA NA U U
A m b u s h 0.028 U U U U Uft 0.056 NA U 340.0 U UII 0.112 NA NA U U UII 0.224 NA NA NA U U
— / NA = sample not analyzed due to 100% mortality of animals 
2/— U = undetectable
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permethrin-treated ponds (LSU Feed and Fertilizer 
Laboratory) was more sensitive (0.01 vs. 0.1 ppb) than 
that used for the remainder of the samples (U.S.D.I.
Patuxent Wildlife Research Center). This allowed the 
detection of some relatively low residue levels, the 
highest of which was 22.1 ppb. A residue of 340.0 ppb 
was detected in one sample of crawfish "fat" by the lat­
ter method, but it was probably a result of contamination 
during sampling. Both of these residues are well below 
the 1.5 ppm established tolerance for fenvalerate and the 
proposed 2.0 ppm tolerance for permethrin in fat, meat 
and meat by-products [Federal Register 47(160) and 46(201)].
It is logical that crawfish would not accumulate 
pyrethroid residues to any significant degree. They have 
a very low lipid content 0.2 percent in tail-meat;
21.0 percent in hepatopancreatic tissue) and therefore 
should offer little area for adsorption of these highly 
lipophilic compounds. Also, due to their extreme sensi­
tivity to both compounds, it is probable that death would 
occur before the animals might accumulate even moderate 
levels in fatty tissue.
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CHAPTER II
Toxicity of Ambush® and Pydrin® to Channel 
Catfish in Laboratory and Field Studies and 




The channel catfish, Ictaluras punctatus Rafinesque, 
has long been a commercially important species. In recent 
years it has been the focus of a rapidly growing fish 
farming industry in the southern United States. Estimates 
made by the U.S.D.A. in 1981 revealed that 90 percent of a 
total of 22,731 pond ha were located in Alabama, Arkansas, 
Louisiana and Mississippi (Jones 1981). Most of this hec- 
tarage lies in the upper Mississippi delta and is closely 
associated with other agriculture interests such as cotton, 
soybean and rice production. Because of this, many catfish 
farming operations are located immediately adjacent to 
agricultural fields and the possibility of pesticide con­
tamination via run-off and/or drift is great.
Previous studies have shown pyrethroids are relatively 
toxic to most species of fish. Coldwater species are gen­
erally very susceptible to the toxic effects of pyrethroids 
(Skea et al.1975, Marking and Mauck 1975, Mauck et al.1976, 
Zitko et al.1977, Mulla et al.1978, and Coats and 0 'Donnell- 
Jeffery 1979) . Less published information is available on 
pyrethroid toxicity to warmwater species (Miura and 
Takahashi 1976, Jolly et al.1977, and Mulla et al.1978), 
but they appear to possess greater tolerance than do the 
cold water species (Mauck et al.1976).
Since their introduction in 1977, fenvalerate
(Pydrin®) and permethrin (Ambush® and Pounce®) have been
28
29
used extensively for insect control in cotton, soybean and 
various other crops. The following study was initiated in 
an effort to determine the field and laboratory toxicities 
of these 2 pyrethroids to channel catfish. Due to the 
lipophilic nature of both pesticides, the potential for 
residue accumulation in fish tissues was also investigated.
MATERIALS AND METHODS
Laboratory Studies
Static toxicity tests using channel catfish fry were 
conducted at the hatchery on the LSU Ben Hur Farm. Ten to 
20 mm fry obtained from spawns in a nearby brood pond were 
placed in a 114 L holding tank filled with aerated and 
dechlorinated Baton Rouge city water. After a 24 hr accli­
mation period, 2 L of water were transferred from the hold­
ing tank to each of several 3.8 L glass jars. Fifteen fry 
were placed in each container and observed 1 hr for abnor­
mal behavior.
Stock emulsions were prepared in water from commercial 
formulations of Pydrin® and Ambush® so that serial dilutions 
could be prepared as needed and 1-5 mL aliquots pipetted 
into the test containers to achieve the desired 
concentrations. Each concentration was replicated 2 times. 
Temperature and dissolved oxygen readings taken in the 
holding tank prior to each test ranged from 25.2-28.0°C 
and 7.7-8.2 ppm, respectively (see Appendix Table 7).
Four assays were also conducted in silt-laden water 
using Commerce loam and Sharkey clay soils (see Appendix 
Tables 3 and 4). Ten g of soil were mixed with the water 
in each container prior to stocking.
Mortality data were recorded at 24 hr posttreatment.
All mortality data were analyzed with Daum's (1970) probit 




In early August a field study was begun using 15 
earthen ponds. All ponds had areas of 0.04 ha, but aver­
age depths ranged from 49-111 cm (see Appendix Table 8). 
The ponds were filled to capacity with well water and fer­
tilized immediately and again 2 weeks post-flood with 4.54 
kgs of 8-8-8 fertilizer per pond each time (ca 18 kg/ha of 
N, P and K ) . Thirty 0.5 kg catfish were stocked in each 
pond 3 weeks post-flood and allowed 1 week to become 
acclimated. Dissolved oxygen, temperature and pH readings 
were taken prior to and 12 hours post-application as well 
as at various intervals throughout the study (see Appendix 
Table 9).
Ambush® and Pydrin® were applied on the evening of 
September 15 using 8 L compressed-air sprayers to admin­
ister 4 L of pyrethroid emulsion to the pond surfaces.
Both pyrethroids were applied at their commonly used 
rates of 0.112 and 0.224 kg/ha. Each insecticide appli­
cation rate and the untreated control was replicated 3 
times.
All ponds were observed closely immediately post­
application and at 4 to 8 hr intervals for 48 hrs. 
Mortality and abnormal behavior were noted.
Pond water and bottom sediment samples were taken 1, 
2, 4, 9 and 14 days posttreatment. Samples were obtained 
by wading through each pond and collecting 15 50 mL grab
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samples with a glass beaker. The samples were then trans­
ported to the laboratory and frozen at -10°C until residue 
analyses were performed. Methods for extraction, clean-up 
and analysis of samples were identical to those described 
in Chapter I and have been omitted for the sake of brevity.
Four catfish were obtained from each pond 1, 2, 4, 8 
and 20 days posttreatment by seining (1, 2, 4 and 20 days) 
and electro-shocking (8 days). The fish were brought to 
the laboratory, deheaded and skinned. The entire contents 
of the body cavity were removed, ground in a Hobart® com­
mercial grinder and stored at -10°C in plain cardboard cans
/alined with Bel-Art^ bags. The edible portion (including 
bones) was processed in a Hobart® commerical chopper until 
"pasty" and stored in the same fashion.
All edible and visceral tissues collected 19 days 
posttreatment were extracted, partitioned and analyzed 
according to methods described for permethrin-treated 
crawfish tailmeat in Chapter I. All other samples were 
analyzed by personnel at the U.S.D.I. Patuxent Wildlife 
Research Center in Laurel, MD according to previously 
described methods (Reichel et al 1981).
Fish Collections from Selected Watersheds
In addition to the tissue analyses run on pond-reared 
catfish, fish were collected from 5 different agricultural 
watersheds in the fall of the year during 1979-80 (Figure 1) . 
Seven channel catfish samples were obtained from Bayou Boeuf
Figure 1 Locations and descriptions of watersheds 
sampled for pyrethroid residues in catfish 
and crappie , 1979-80.
N
Collection Site Descriptions
Bayou Bartholemew @ Wardvllle, LA
Major crops In watershed: soybean, cotton, rice
Bayou Pierre @ Evelyn, LA
Major crops In watershed: cotton, soybean,paature
Bayou Boeuf 0 Cheneyville, LA
Major crops In watershed: soybean, cotton, corn,
sugarcane
Lake Lafourche 0 Rayville, LA
Major crops In watershed: cotton, soybean
Bayou Macon @ Delhi, LA
Major crops In watershed: soybean, cotton, rice
Bayou Macon, 1 ml. N of confluence with Tensas River 
Major crops in watershed: soybean, cotton
Tensas River @ Cooter Point
Major crops in watershed: soybean, cotton
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near Cheneyville and 2-3 crappie samples, Pomoxis spp., 
were collected from all of the watersheds. Each sample 
was a composite of 5 fish of an edible size. Other species 
were collected but time did not permit their analyses. All 
fish were collected by electro-shocking and prepared for 
analyses in the same manner as the pond-reared catfish. 
Residue analyses were performed by personnel at the U.S.D.I. 
Patuxent Wildlife Research Laboratory in Laurel, MD.
RESULTS AND DISCUSSION
Laboratory Studies
Results of the bioassays are summarized in Table 1. 
The clear water values are slightly higher than the 1.10 
ppb LCjjq derived for P o u n c ^  in 96 hr tests (Jolly et al. 
1978). These values indicate Ambush® and Pydrin® are 3 
times less (K-othrin) to 600 times more (dimethrin) toxic 
to this species than several earlier pyrethroids (Mauck 
et al.1976). Compared to most coldwater species (Zitko et 
al.1979, Jolly et al.1977, Mulla et al.1978, and Coats and 
O'Donnell-Jeffery 1979), juvenile channel catfish exhibit 
a greater sensitivity to both pyrethroids. Thus, channel 
catfish may be an exception to the axiom that coldwater 
species are generally more sensitive to pyrethroids than 
warmwater species.
The results of laboratory tests in silt-laden water 
indicate that soil adsorption by both compounds may indeed 
have an effect on toxicity. Toxicity was affected less by 
the Commerce loam than the Sharkey clay. This effect may 
have been the result of the higher organic matter and 
montmorillonite clay content of the Sharkey clay, enabling 
it to hold greater amounts of exchangeable ions (i.e. per­
methrin or fenvalerate molecules).
Preliminary tests indicated that mortality was 
increased by 20-35 percent when animals were exposed to 
the same concentrations for 96 hr, but mortality of
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Table 1. Toxicity of AmbuslP̂  and Pydrit^ to I. punctatus in static bioassays,
Baton Rouge, LA, 1980-81.
24 hr LC50 - as ppb active ingredient
____________________(with 95% confidence intervals)_____________________
dechlorinated dechlorinated/Commerce dechlorinated/Sharkey
water water loam water clay
Ambush® 1.81(1.28-2.16) 2.90(1.21-3.93) 3.99(2.56-5.06)
Pydrin® 1.83(1.60-2.04) 2.41(2.21-2.58) 4.57(2.39-5.75)
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untreated animals also increased by ca 20 percent and 
results were more variable. Consequently, fry were ex­
posed for a 24 rather than a 96 hr period.
Earthen Pond Study
No apparent catfish mortality occurred in any of the 
ponds due to treatment with either pyrethroid, regardless 
of application rate. Thus, in spite of the very low LC^q 
values obtained for fry, this species apparently acquires 
tolerance as age and size increase . This phenomenon is 
generally true in most animal-toxicant interactions. Miura 
and Takahashi (1976) have reported similar observations in 
bioassays of Pydrin® with mosquitofish, Gambusia affinis 
(Beard and Girard).
Two of the Pydrin®-treated ponds had estimated initial 
fenvalerate concentrations of ca 40 and 46 ppb. In both of ' 
these ponds, adult mosquitofish were observed "gulping” for 
air at the pond surfaces ca 0.5 hr posttreatment. This ef­
fect was apparently temporary since no dead mosquitofish 
were observed 12 hr posttreatment. Mulla et al.(1975) 
derived 24 hr LC^q values of 15.0 ppb fenvalerate and 100.0 
ppb permethrin for adult mosquitofish under laboratory 
conditions. Fenvalerate concentrations in water of the 
aforementioned ponds were ca 3 times higher than the fen­
valerate value reported by Mulla et al.(1975). Thus, it 
appears that certain environmental factors affected its 
toxicity.
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In the Pydrir^-treated pond with the highest initial 
concentration of fenvalerate (46 ppb), hundreds of green 
sunfish fingerlings, Lepomis cyanellus Rafinesque, were 
killed. Several egrets and herons fed heavily on the kill 
without any obvious ill effects. (It is worthy of mention 
that mortality was not complete since live sunfish were 
recovered when the pond was drained 19 days posttreatment).
Both the low and high rates of both chemicals resulted 
in heavy mortality of crawfish, Procambarus spp. An occa­
sional live crawfish was collected while seining for cat­
fish, but these animals probably emigrated from burrows.
Aquatic insects representing the families Gyrinidae, 
Corixidae and Belostomatidae, in addition to various 
Odonates, were temporarily eliminated in all of the treated 
ponds. The insects gradually reinhabited the ponds after 
a 10 day period.
Residue Analyses
Results of pond water and bottom sediment analyses 
are presented in Tables 2 and 3. Due to variations in 
pond volumes, initial concentrations of both chemicals 
were quite variable between replications of the same 
treatment. Even so, the data indicate that at least 9C 
percent of both compounds were removed from the water 
column by 48 hr posttreatment. Subsequent residues de­
clined at a much slower rate, until less than 1 percent 
remained 14 days posttreatment. Regression analyses
Table 2. Fenvalerate and permethrin residues in water collected from earthen ponds sprayed with 2 rates of
Pydriiu? and Ambush®, Baton Rouge, LA, 1979.
Pyrethroid Pond No./Rep. kg/haapplied
Residue (ppb)
24 hr 48 hr 96 hr 9 da 14 da
Pydrin® C13 (1) 0.112 13.16 0.51 1.12 0.60 0.21
11 C19 (2) ri 11.16 0.48 0.96 0.41 0.13
11 C24 (3) ii 13.89 0.48 1.54 0.32 0.09
rt C17 (1) 0.224 24.90 9.80 5.36 1.14 0.74
n C21 (2) II 9.69 0.75 2.57 0.97 0.23
ii C28 (3) II 16.06 0.49 1.05 0.66 0.11
cis/trans cis/trans cis/trans cis/trans cis/trans
Ambush C16 (1) 0.112 1.83 2.65 0.83 0.33 0.37 0.55 0.20 0.16 0.09 0.04
II C22 (2) It 0.81 0.98 0.72 0.55 0.25 0.11 ui' U U U
II C26 (3) II 1.40 2.13 0.67 0.75 0.54 0.36 u u U U
■ 1 C12 (1) 0.224 7.44 5.80 1.26 0.82 1 / ^ u u U U
tl CIS (2) 11 5.23 4.75 1.19 1.17 0.45 0.20 u u U U
11 C23 (3) II 10.81 11.20 0.93 0.52 0.68 0.37 u u U U
i/ t - trace levels <0.01 ppb 
2/— U « undetectable
Table 3. Fenvalerate ancLperraethrin residues in bottom sediment collected from earthen ponds sprayed with 2
rates of Pydritfi? and Ambush®, Baton Rouge, LA, 1979.
Pyrethroid Pond No./Rep. kg/haapplied
Residue (ppb) .'24' hr 48 hr 96 hr 9 da 14 da
Pydrin® C13 (1) 0.112 28.12 9.88 6.40 3.77
M C19 (2) II 14 .06 -- 5.31 6.65 2.98
II C24 (3) II 15.62 - - 7.50 5.14 3.13
11 C17 (1) 0.224 150.72 — 64 .76 12.00 6.07
• 1 C21 (2) II 148 .95 -- 29.89 27.14 12.39
• 1 C28 (3) II 209 .90 — 54 .94 15.16 7.55
cis/trans cis/trans cis/trans cis/trans
Ambush® C16 (1) 0.112 16.80 4.84 7.41 1.67 5.05 1.52 2.22 0.81
II C22 (2) II 9.60 1.94 - - 7.74 Tl/ 5-11 0.97 1.98 0.76
It C26 (3) It 13.20 2.90 - - 5.32 1.66 3.89 1.02 1.53 0.67
VI C12 (1) 0.224 43.43 14.13 — 30.01 12.11 14.44 3.05 5.95 1.77
tl CIS (2) 11 52.22 25.31 — 34.09 10.80 18.89 5.08 7.64 2.34
1$ C23 (3) II 22.22 7.50 “  — 19.09 3.61 17.78 2.80 7.85 1.46
1/ t - trace levels <■ 0.01 ppb
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indicated that degradation of permethrin in the pond water 
generally followed an exponential pattern, but fenvalerate 
degradation was much more complex. With the exception of 
one pond, fenvalerate residues in water declined sharply 
48 hr posttreatment but were higher 96 hr posttreatment. 
This fluctuation is difficult to explain, but it may be 
possible that fenvalerate, which was tied up initially by 
living organisms, was later released during processes of 
decay.
The residue data was log-transformed and statistically 
analyzed with a randomized block design analysis of covar­
iance by blocking on ponds and using a factorial arrange­
ment of treatments (day x rate). With the exception of 
fenvalerate residues in water (P^-0.05), the differences 
among residue levels at the low and high application rates 
of both chemicals (in water and sediment) weie highly sig­
nificant (P^O.Ol). Differences in residues on each samp­
ling date were also highly significant (P^Q.Ql) (see 
Appendix Tables 14-17).
Proportionality of cis- to trans-permethrin (cis-p to 
trans-p) was erratic in the water samples, but generally 
approached unity. In bottom sediment, trans-p was degraded 
3-6 times faster than was the cis-isomer. This was prob­
ably due to the greater resistance to microbial decay of 
cis-p (Sharom and Solomon 1981, Smith and Willis 1983).
Half-lives were obtained by exponential regression of 
log-transformed residue values. The resulting half-life
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in both pond water and bottom sediment was 6.0 days for 
permethrin. Water and sediment half-lives calculated for 
fenvalerate were 5.3 and 5.0 days, respectively.
Residues in edible and visceral catfish tissues were 
more persistent and illustrate the affinity for lipids of 
both chemicals (Tables 4 and 5). Tissue residues were 
statistically analyzed with a randomized block design anal­
ysis of covariance by blocking on ponds and using a factor­
ial arrangement of treatments (day x rate). On all sampling 
dates, tissue residues were significantly higher (P<0.01) 
in ponds treated with the highest rate of either pyrethroid 
(see Appendix Tables 18-21) . The residues due to a partic­
ular rate were generally not significantly different (P> 
0.05) across sampling dates. Thus, although tissue resi­
dues were relatively low (relative to certain organochlor- 
ines), they dissipated very slowly compared to Those in 
water and sediment.
In Ambush®-treated ponds, residues in edible and 
visceral tissues, respectively, ranged from 5-20 and 10-30 
times higher than the initial permethrin concentrations in 
pond water. Similarly, edible and visceral tissue residues 
from Pydrin^-treated ponds were 3-5 and 10-20 times higher, 
respectively. Visceral tissue (r-> 37% lipid) contained more 
fat than edible tissue ( ~ 10.8% lipid) and this was re­
flected by higher residues in the former. Additionally, 
since the catfish were not fed during the study, they prob­
ably foraged heavily on crawfish, insects and small fish
Table 4 . Fenvalerate and permethrin residues in muscle tissue of 1. punctatus
collected fjom earthen ponds sprayed with 2 rates of Pydrit^y
and AmbustfiP, Baton Rouge, LA, 1979.
Pyrethroid Pond No./Rep. kg/haapplied
Residue (ppb)
14 hr 48 hr 96 hr 8 da 19 da
Pydrin® C13 (1) 0.112 50 50 7011 C19 (2) 11 50 50 60 50 4011 C24 (3) 11 70 40 -- 50 40
II C17 (1) 0.224 120 280 240 240 280II C21 (2) 11 110 70 70 80 8011 C28 (3) 11 160 100 180 200
Ambusl^ C16 (1) 0.112 187 191 223 120 10211 C22 (2) 11 268 335 220 122 32II C26 (3) II 324 254 240 183 44
11 C12 (1) 0.224 489 574 - 455 109II C18 (2) 11 463 375 442 391 6611 C23 (3) 11 568 479 *■ *■ 420 67
Table 5 . Fenvalerate and permethrin residues in visceral tissue of L* punctatus
collected from earthen ponds sprayed with 2 rates of Pydrit® and
AmbustSy, Baton Rouge, LA, 1979.
Pyrethroid Pond No./Rep. kg/haapplied
Residue (ppb)
24 hr 48 hr 96 hr 8 da 19 da
Pydrin® C13 (1) 0.112 380 150 160 430
II C19 (2) 11 160 100 — 120 140
II C24 (3) tt 230 130 150 150
ft C17 (1) 0.224 450 1300 600 700 1300
It C21 (2) II 220 180 230 200 240
tl C28 (3) tl 650 330 650 600
Ambush® C16 (1) 0.112 260 160 240 140 132
It C22 (2) It 250 310 200 190 152
tl C26 (3) It 310 240 170 206
tl C12 (1) 0.224 600 1100 850 950 560
n C18 (2) t 550 500 700 490 418
tt C23 (3) If 270 500 600 650
killed by the pesticides. Since the entire contents of 
the body cavity were analyzed, portions of the residues 
detected were probably attributable to undigested food in 
the digestive tract.
The Shell Oil Company was recently granted a tolerance 
of 1.5 ppm fenvalerate in livestock meat, fat and meat by­
products [Federal Register, 8-18-82; 47(160)]. Although 
not established yet, ICI Americas, Inc. has proposed a 
tolerance of 2.0 ppm permethrin (Ectiban®) in hog meat and 
meat by-products. [Federal Register, 10-19-81; 46(201)]. 
The highest fenvalerate residues obtained in this study 
were 280 ppb in edible tissue and 1300 ppb in visceral 
tissue. The highest permethrin residues obtained were 
574 and 1100 ppb in edible and visceral tissues, 
respectively. None of these levels exceed the proposed 
or established tolerances.
Fish Collections from Selected Watersheds
A total of 45 catfish and crappie muscle and visceral 
samples were analyzed for pyrethroid residues. Using the 
same analytical methods used in the pond studies, no resi-■ 
dues were detected in any of the samples. This was not 
unexpected since rainfall at all of the watersheds except 
Bayou Boeuf was minimal during the growing season. In 
view of the residues accumulated in the pond studies fol­
lowing a single application, further sampling should be 
conducted in heavy use areas.
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APPENDIX
Table 1 : Mean lengths and weights of red crawfish used in static bioassays.—
i
Assay A m b u s h Pydrin®x weight (g) x length (mm) x weight (g) x length (mm)
deionized 0.12 19.01 0.11 18.55
deionized/Mhoon 0.29 25.42 0.18 21.17
deionized/Commerce 0.29 25.42 0.36 26.92
deionized/Sharkey 0.18 23.20 0.25 24.40
—  ̂Figures are means of 40 animals per test.




I II I II I II I II
Ambush® - deionized H?0
.025 6.9 6.9 21.0 18.1 7.8 8.9 - _
.075 6 .6 6.4 20.0 17.8 8.0 8.9 - -
.150 6.6 6.0 18.3 17.5 7.6 9.0 - -
.225 6.5 5.8 19.8 17.6 7.8 8.8 - -
.300 6 . 4 5.7 19.7 17.0 8.0 8.8 - -
.375 6 . 4 5.8 19.2 17.5 8.0 8.8 - -
.450 6.5 5.6 19.0 17.6 8.2 8.4 - -
.525 6.4 5.6 19.2 17.2 8.2 8.1 - -
.600 6 . 4 5.7 20.0 17.0 7.8 0.0 - -
.675 6.6 5.8 19.8 17.8 7.9 8.8 - -1.000 6.2 6.0 20.1 18.1 6.8 8.8 - -
Check 6.1 6.3 19.0 19.4 8.0 7.5 - -
Ambush® - deionized H?0/Mhoon Loam
.15 5.6 5.5 19.9 19.8 7.7 7.1 2.8 2.9
.30 5.5 5.6 20.0 20.0 8.6 6.7 2.9 3.1
.45 5.5 5.6 18.9 19.1 7.4 7.3 3.0 3.0
.60 5.6 5.6 19.0 18.9 7.8 7.4 3.0 3.0
.75 5.5 5.6 19.6 19.4 6.9 7.8 3.1 2.5
.90 5.5 5.6 19.3 19.0 6.9 7.2 3.0 2.9
1.05 5.7 5.5 19.4 18.8 7.4 7.3 2.8 3.0
1.20 5.5 5.6 19.2 19.1 7.0 7.3 2.7 2.9
1.35 5.5 5.6 20.4 18.9 7.1 7.6 2.8 2.9
1.50 5.5 5.2 20.2 20.1 7.0 7.0 2.9 3.0
Check 5.1 5.1 20.5 20.9 6.9 6.5 2.4 3.0
Table 2. Continued
Concentration pH °C 02 TurbidityI II I II I II I II
Ambush® - deionized 1^0/Commerce Loam
.15 6.7 7.0 20.3 19.9 5.6 6.9 4.7 5.3
.30 6.6 6.8 20.1 20.0 5.9 6.6 4.8 4.3
.45 6.7 6.6 20.1 20.1 5.8 6.1 4.9 5.0
.60 6.6 6.7 19.9 20.1 6.1 6.5 5,0 4.8
.70 6.7 6.6 20.4 19.9 5.6 6.2 4.0 4.0
.80 6.6 6.7 20.2 19.8 5.8 6.0 4.1 5.3
.90 6.7 6.6 19.5 20.2 6.0 5.6 4.6 4.9
1.00 6.6 6.7 19.5 20.6 6.1 5.8 4.1 4.1
1.25 6.6 6.6 20.0 20.0 6.2 5.8 4.1 4.0
1.50 6.6 6.5 19.7 20.4 6.0 5.7 4.3 4.0
Check 6.8 7.2 20.0 20.0 6.1 7.4 4.0 5.8
Ambush® - deionized HjO/Sharkey Clay
.15 6.0 5.4 18.2 19.8 7.8 6.8 6.0 7.7
.30 5.9 5.3 19.1 18.2 7.0 7.6 4.3 7.0
.45 6.0 5.4 18.7 19.3 7.2 7.6 4.6 8.9
.60 6.0 5.8 17.7 20.0 8.3 7.0 7.0 7.8
.70 6.0 5.8 17.6 19.0 8.3 7.2 5.9 7.3
.80 6.2 5.9 17.6 18.8 8.2 7.6 7.0 7.1
.90 6.3 5.8 17.1 20.0 8.9 6.7 6.9 7.7
1.00 6.5 5.8 17.5 18.0 8.8 7.6 6.0 7.5
1.25 6.8 5.9 17.8 18.1 8.8 7.7 5.9 7.3
1.50 7.1 6.0 17.9 19.3 8.4 7.3 5.3 9.3
Check 5.9 5.4 18.0 17.8 8.0 7.3 8.0 6.0
Table 2. Continued
Concentration P.H °C 02 TurbidityI II I II I II I II
Pydrin® - deionized Hr!°
.05 6.8 6.4 19.0 18.2 7.7 9.0 _ _
.10 6.7 6.4 18.5 19.4 8.4 9.2 - -
.20 6.8 6.5 20.0 19.0 8.0 9.6 - -
.30 6.8 6.4 19.0 18.8 8.8 9.4 - -
.40 6.8 6.3 19.0 18.8 8.2 9.4 - -
.50 6.8 6.3 18.0 19.0 8.2 9.5 - -
.60 6.8 6.3 19.0 18.2 7.8 8.9 - -
.70 6.8 6.3 19.5 19.0 8.0 9.3 - -
Check 6.8 6.5 19.0 18.6 8.4 9.6 — -
Pydrin® - deionized ^ 0 /Mho on loam
.15 7.0 7.0 18.0 19.6 7.8 7.2 2.0 1.3
.30 6.7 6 .6 18.4 20.0 7.3 6.9 1.8 3.0
.45 6.6 6.9 19.0 20.1 7.3 6.9 3.0 2.9
.60 6.9 6.8 18.0 20.0 7.2 6.8 3.1 2.0
.75 7.2 6.7 18.2 19.0 7.8 7.2 2.2 2.5
.90 7.0 6.7 18.6 18.9 7.2 7.2 2.4 2.0
1.05 7.1 6.8 17.2 20.3 8.0 6.7 2.5 2.0
1.20 7.1 6.9 18.2 18.4 7.7 7.1 2.4 2.3
1.35 6.9 6.8 17.9 20.0 7.8 6.8 1.8 2.2
1.50 6.9 6.9 17.6 18.2 8.0 7.3 1.7 2.2




I II I II I II I II
Pydrin® - deionized I^O/Commerce loam
.15 8.3 8.2 20.8 20.0 8.2 7.9 5.7 5.6.30 8.4 8.3 20.8 20.3 8.4 7.8 5.4 4.9.45 7.8 8.2 20.1 20.1 7.9 8.0 5.1 4.5.60 8.3 8.3 21.0 20.0 7.7 7.8 5.3 5.3.75 7.5 8.2 20.3 20.0 8.2 7.8 4.1 4.9.90 8.1 8.1 20.1 21.5 8.4 7.5 5.2 4.81.05 8.3 8.3 20.8 19.6 8.1 8.4 5.0 4.41.20 7.6 8.3 20.0 20.5 8.5 8.2 4.6 4.11.35 8.2 8.2 20.2 21.0 8.6 7.8 4.3 5.01.50 8.2 8.2 21.0 20.0 8.0 7.9 4.4 4.9Check 8.1 8.2 20.7 19.9 6.8 7.9 4.1 4.6
Pydrin® - deionized I^O/Sharkey clay
.15 6.9 6.8 18.3 17.4 7.7 8.0 4.1 4.1.30 6.9 6.9 17.5 18.1 8.1 7.8 4.1 5.6.45 7.0 6.9 18.6 9.1 7.6 8.0 4.0 5.2.60 6.9 6.9 17.5 18.4 8.0 7.4 4.0 3.9.75 6.9 6.9 18.8 18.8 7.5 7.7 4.0 4.0.90 6.9 6.9 18.0 19.1 7.9 7.9 4.4 4.01.05 6.8 6.9 18.0 18.4 7.6 7.9 4.9 3.81.20 7.0 6.9 17.3 19.0 7.9 7.6 5.1 3.91.35 6.9 6.9 17.8 19.1 8.0 7.7 4.7 4.81.50 6.8 6.8 19.2 17.4 7.2 8.0 4.8 3.8Check 6.9 6.9 18.0 18.0 7.8 8.0 4.0 3.8
Table 3 : Physical description of 3 soils used in static bioassays with red crawfish,
LSU Feed and Fertilizer Laboratory.





% C lay^  
(^.002 mm)
Mhoon loam Thermic Typic 
Fluvaquents
1.34 37.61 47.41 14.98
Commerce loam Thermic Aerie 
Fluvaquents
0.67 36.04 52.72 11.24
Sharkey clay Thermic Vertic 
Haplaquepts
1.40 2.23 56.08 41.69
—  ̂ Clay fractions of all 3 soils were 
kaolinite.
65% montmorillonite, 20% illite and 10%
Table 4 : Results of pesticide residue analyses^ of soils used in acute bioassays,
LSU Feed and Fertilizer Laboratory.
Lab No. Sample PP'DDE PP'DDD P P 1DDT Treflan PCNB Toxaphene
866 X Mhoon loam 0.07 N D ^ 0.05 0.01 ND 0.71
865 X Commerce loam 0.09 ND 0.81 0.20 0.03 1.20
864 X Sharkey clay 0.05 0.02 0.09 ND ND ND
—  ̂All residues reported in parts per million.
— none detected
3Table 5 : Depth readings (cm) , estimated volumes (m ), and initial concentrations of
pyrethroids in earthen ponds used in crawfish field study.
Ambush® (kg/ha) Pydrin® (kg/ha) Untreated0.028 0.056 0.112 0.224 0.028 0.056 0.112 0.224
53 56 61 61 71 43 43 56 66
76 74 76 74 94 69 61 74 76
79 84 79 74 79 76 69 84 71
76 84 81 74 74 84 74 84 71
69 89 74 71 64 86 74 89 64
69 89 51 56 58 89 76 89 51
51 76 64 56 51 76 79 76 53
74 86 76 74 66 81 81 86 71
76 86 81 76 74 81 86 86 74
76 84 79 81 81 76 18 84 79
79 79 76 81 94 66 81 79 86
66 51 51 71 89 48 74 51 74
79 51 51 74 71 41 66 51 66
79 69 64 84 76 58 74 69 76
81 74 71 79 76 66 76 74 76
74 76 66 74 74 71 79 76 74
64 74 74 66 66 69 79 74 66
53 58 64 56 53 48 58 58 48
x depth 70.7 74.4 68.8 71.2 72.8 68.2 69.3 74.4 69.0
vol (m^) 97.3 102.4 94.7 97.9 100.2 93.9 95.4 102.4 94.9
g/pond .392 .784 1.57 3.14 .392 .784 1.57 3.14 --
mg/L (ppm) .004 .0076 .0166 .0321 .0039 .0083 .0165 .0306 --
/ig/L (ppb) 4.0 7.6 16.6 32.1 3.9 8.3 16.5 30.6 —
Table 6 : Temperature, pH and dissolved oxygen—  ̂ of pond waters prior to and following
pyrethroid applications to crawfish ponds.
A mbush (kg/ha) Pydrir{8 (kg/ha) UntreatedDOCMO• .056 .112 .224 DOCMO .056 .112 .224
°c 28.5 26.9 27.9
2/Pretreatment— 
28.4 27,9 29.0 28.5 28.7 28.0
pH 8.6 9.0 9.3 9.1 8.5 8.7 9.0 9.2 9.0
°2 10.2 14.0 11.8 12.0 13.0 10.1 14.1 11.6 12.0




16 . 9 16.4 17.1 16.2 15.9
pH 8.3 8.1 8.5 8.9 8.4 9.1 8.2 8.8 8.9
°2 6.0 5.7 5.4 5.2 5.7 6.1 5.5 6.1 6.7




30.5 29.9 29.6 30.4 30.0
pH 8.7 8.5 9.0 9.4 9.9 8.7 8.9 8.9 8.4
°2 7.0 7.9 6.8 6.4 6.3 6.7 7.0 6.5 7.5
— given in ppm x cC = 24.8 ± 1.2
—  ̂readings taken at 1600 hr x pH = 8 . 8  ± 1 . 0
—  ̂ readings taken at 900 hr x 0 2 = 8 . 3 ± 2 . 3
Table 7 : Pretreatment temperatures and dissolved oxygen levels
of test waters used in catfish static bioassays.
T E S T 0C-/ D.O.—
A m b u s h  - deionized water 27.9 7.8
Ambustf^ - deionized water/Commerce loam 28.0 7.7
A m b u s h  - deionized water/Sharkey clay 25.5 8.1
Pydrin® - deionized water 25.2 8.2
Pydrir^ - deionized water/Commerce loam 28.0 7.8
Pydrin® - deionized water/Sharkey clay 26.0 7.9
x °C = 26.76 y  x D.O. = 79.2 ppm
Ln
\o
3Table 8. Depth readings (cm), estimated volumes- (m ) and Initial concentrations (ppb) of pyrethroids applied to earthen ponds used 
in catfish field study.
kg/ha Ambush kg /ha PydrirfSf1
Untreated0.117 0.224 0.112 0.224
I 11 n r I II III I " Tl .... IIT_ ~I II III I Tl ITT
74 53 84 89 74 84 51 99 86 79 102 76 64 79 97
81 81 66 102 76 89 64 117 84 71 107 109 74 76 104
79 14 64 107 89 99 74 114 69 76 119 84 76 79 107
84 81 91 97 89 84 58 99 86 51 112 61 69 99 99
76 84 86 99 89 79 48 109 84 64 89 64 61 99 107
71 79 107 89 97 76 61 114 84 61 86 76 61 94 89
79 81 96 89 89 86 51 109 91 56 91 46 76 99 102
76 84 94 94 94 76 51 104 84 48 94 43 48 99 102
91 81 102 96 89 79 71 102 86 58 99 51 84 102 81
81 89 109 117 84 71 61 94 89 43 89 41 84 124 9674 89 109 86 104 81 51 94 84 46 86 25 81 117 109
79 91 94 86 97 89 51 97 96 51 94 10 74 119 104
79 97 97 71 104 94 61 79 84 38 81 18 71 117 104
71 107 112 84 102 91 51 99 102 51 79 13 79 117 9972 102 104 99 109 71 58 102 94 38 81 20 81 124 89
x depth 77.8 84.2 94.3 93.6 92.2 83.3 57.5 102.1 86.9 55.4 93.9 49.1 72.2 110.7 99.3
m3 314.9 340.8 381.7 378.9 373.2 337.2 232.8 412.7 351.7 224.3 380.1 198.8 292.3 448.1 402.0
g/pond 4.54 4.54 4.54 9.07 9.07 9.07 4.54 4.54 4.54 9.07 9.07 9.07 — — —
ng/L 0.014 0.013 0.012 0.02? OtO-24 0.027 0.019 0.011 0.012. 0.040 0.024 0.046 — — —
ppb 14.42 13.32 11.89 23.94 24.30 26.89 19.50 11.80 13.91 40.43 23.86 45.62 -- — --
O'
o
Table 9. Temperature, pH and dissolved oxygen (ppm) of pond waters prior to and following pyrethroid applications to 
catfish ponds.
POND 308/170C3 7 ' 309/800 h 310/1300 h 321/1700 h 322/700 h•c
°?
pH 'C °7 pH "C o7 pH •c °2 pH ®C °2 pH
C16 29.3 >20 9.9 18.0 9.8 8.9
0.112 Ambush® 
26.2 14.4 9.1 31.1 > 20 10.0 22.0 2.5 7.2
C22 27.0 15.2 10.1 19.8 7.6 9.2 26.0 8.0 9.7 29.0 17.4 10.8 23.0 5.5 7.4
C26 27.8 15.1 9.5 20.0 5.8 8.6 26.0 12.0 8.9 29.0 14.8 9.4 24.0 5.5 7.1
C12 28.1 17.2 9.2 18.0 7.9 8.5
0.224 Ambush® 
27.0 13.4 8.9 30.2 >20 9.6 24.0 7.0 7.6
C18 27.4 20.0 9.1 19.8 6.3 8.2 26.0 13.4 8.6 30.0 12.8 9.2 24.0 4.2 6.7
C23 28.0 13.5 9.6 19.5 6.0 8.6 26.0 12.0 8.9 29.0 14.8 9.1 23.0 4.5 7.0
C13 29.0 19.2 9.9 18.0 7.2 8.4
0.112 Pydrin® 
26.3 9.2 8.9 31.0 16.4 9.9 22.0 2.0 7.9
C19 27.0 13.4 9.8 19.4 3.4 9.2 25.8 . 9.8 9.3 28.6 18.0 10.1 24.8 8.5 7.9
C24 28.0 14.2 10.1 20.0 7.2 9.2 26.0 11.0 9.8 30.2 19.4 10.4 23.0 7.0 7.9
€15 28.9 >  20 10.0 18.9 3.8 9.0
0.224 Pydrin® 
26.3 9.2 . 9.0 31.0 16.4 10.0 22.5 1.8 7.0€20 27.6 15.8 9.5 19.2 5.9 9.0 25.5 12.2 8.9 31.0 17.0 10.5 24.0 3.0 7.3
€25 27.8 16.2 9.4 19.0 7.5 8.8 26.0 11.4 9.3 28.6 14.4 8.9 23.0 4.2 7.5
julien date/military time
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Table 10. Analysis of covariance: logs of
permethrin residues in water col­
lected from—crawfish ponds treated 
with Ambush£y, Baton Rouge, LA, 1980.




log linear day (1) 3.62**




C.V. = 58.72; STD. DEV. = 0.417; R-SQUARE = 0.846
NS (P P> .05)
* (P <  .05)
** (P <  .01)
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Table 11. Analysis of covariance: logs of
fenvalerate residues in water col­
lected fronucrawfish ponds treated 
with Pydrirfiv, Baton Rouge, LA, 1980.




log linear day (1) 5.88**




C.V. = 52.52; STD. DEV. * 0.387; R-SQUARE = 0.874
NS (P >  .05)
* ( P C  .05)
** (P C  .01)
- f (P = .06)
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Table 12. Analysis of covariance: logs of
permethrin residues in bottom sedi­
ment collected from—crawfish ponds 
treated with AmbusHfy, Baton Rouge, 
LA, 1980.




log linear day (1) 0.55**




C.V. = 3.21; STD. DEV. = 0.078; R-SQUARE = 0.997
NS (P >.05)
* (P <  .05)
** (P <  .01)
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Table 13. Analysis of covariance: logs of
fenvalerate residues in bottom sediment 
collected from crawfish ponds treated 
with PydrinE', Baton Rouge, LA, 1980.




log linear day (1) 1.18**




C.V. = 7.02; STD. DEV. = 0.155; R-SQUARE = 0.989
NS (P >.05)
* (P <  .05)
** (P <  .01)
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Table 14. Analysis of covariance: logs of permethrin
residues in water collected from catfish 
ponds treated with AmbusHa^, Baton Rouge, LA, 
1979.





log linear day (1) 11.12**
lack of fit (3) 6.14**
RATE 1 0.51**
RATE x DAY 4 2.23**
log linear day x rate (1) 0.81**
lack of fit (3) 1.42**
C.V. = 30.89} STD. DEV.; = 0.220; R-SQUARE = 0.958
NS (P >.05)
* <P <. .05)
** (P <  .01)
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Table 15. Analysis of covariance: logs of fenvalerate
residues in water collected from catfish 
ponds treated with Pydrirfly, Baton Rouge, LA, 
1979.





log linear day (1) 12.18**
lack of fit (3) 11.04**
RATE 1 1.03*
RATE x DAY 4 0.32NS
log linear day x rate (1) 0.09NS
lack of fit (3) 0.22NS
C.V. = 35.54; STD. DEV. = 0.371; R-SQUARE = 0.912
NS (P >  .05)
* <P <  .05)
***(P <  .01)
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Table 16. Analysis of covariance: logs of permethrin
residues in bottom sediment collected from 
catfish ponds treated with AmbusttD, Baton 
Rouge, LA, 1979.





log linear day (1) 7.99**
lack of fit (2) 0.15NS
RATE 1 8.12**
RATE x DAY 3 0.12NS
log linear day x rate (1) 0.04NS
lack of fit (2) 0.08NS
C.V. = 8.77; STD. DEV. = 0 .232; R-SQUARE = 0.957
NS (P >.05)
* (P <  .05)
** (P <  .01)
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Table 17. Analysis of covariance: logs of fenvalerate
residues in bottom sediment collected from 
catfish ponds treated with PydrirW>\ Baton 
Rouge, LA, 1979.





log linear day (1) 14.86**
lack of fit (2) 1.06*
RATE 1 12.06**
RATE x DAY 3 1.99**
log linear day x rate (1) 1.85**
lack of fit (2) 0.13NS
C.V. = 11.04; STD. DEV. - 0.313; R-SQUARE = 0.956
NS (P >  .05)
* (P -C .05)
** (P <  .01)
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Table 18. Analysis of covariance: permethrin resi­
dues in muscle tissue of catfish collected 
from ponds treated with AmbuslS*, Baton 
Rouge, LA, 1979.






RATE x DAY 4 62045.06**
C.V. = 20.07; STD. DEV. = 55.49; R-SQUARE = 0.934
NS (P >  .05)
* (P <  .05)
** (P <  .01)
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Table 19. Analysis of covariance: fenvalerate resi­
dues in muscle tissue of catfish collected 
from ponds treated with PydrinB', Baton 
Rouge, LA, 1979.






RATE x DAY 4 3485.46NS
C.V. = 54.89; STD. DEV. = 57.53; R-SQUARE = 0.700
NS (P >.05)
* (P <  .05)
** (P <  .01)
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Table 20. Analysis of covariance: permethrin residues
in visceral tissue of catfish collected from 
ponds treated with Ambush®, Baton Rouge, LA, 
1979.






RATE x DAY 4 108817.43NS
C.V. = 37.08; STD. DEV. = 154.91; R-SQUARE = 0.793
NS (P >.05)
* (V <. .05)
** (P <  .01)
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Table 21. Analysis of covariance: fenvalerate resi­
dues in visceral tissue of catfish collected 
from ponds treated with PydrirjK/, Baton Rouge, 
LA, 1979.






RATE x DAY 3 85100.00NS
C.V. = 63.08; STD. DEV. = 241.39; R-SQUARE = .680
NS (P >.05)
* (P .05)
** (P <  .01)
Table 22. Permethrin and fenvalerate half-lives (t^)—  ̂ calculated from water and bottom 
sediment residues in crawfish and catfish ponds treated with Ambusl© and 
Pydrir©, Baton Rouge, LA, 1979-80.
A m b u s h Pydrir©
CRAWFISH STUDY
kg/ha applied 0.028 0.056 0.112 0.224 x 0.028 0.056 0.112 0.224 X
pond water 13.6 5.1 2.5 1.9 5.8 5.8 3.3 2.0 1.9 3.2
bottom sediment 14.5 6.3 7.8 8.8 9.4 8.5 4.8 7.3 4.5 6.3
CATFISH STUDY
kg/ha applied 0.112 0.224 x 0.112 0.224 X
pond water 7.6 4.4 6.0 5.8 4.8 5.3
bottom sediment 6.4 5.6 6.0 6.7 3.2 5.0
—f tr = (In %) = ^ where: 0.693 is a constant and "K" is the slope of the
^ K K semilog model.
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Figure 1 . Exponential regression curves of permethrin 
degradation in crawfish pond waters treated 




































Figure 2 Exponential regression curves of fenvalerate 
degradation in crawfish pond waters treated 
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Figure 3 . Exponential regression curves of permethrin 
degradation in bottom sediments collected 
from crawfish ponds treated with 4 rates of 
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Figure 4 Exponential regression curves of fenvalerate 
degradation in bottom sediments collected 
from crawfish ponds treated with 4 rates of 
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Figure 5. Exponential regression curves of permethrin 
degradation in catfish Dond waters treated 























Figure 6 . Exponential regression curves of fenvalerate 
degradation in catfish_nond waters treated 
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Figure 7. Exponential regression curves of permethrin 
degradation in bottom sediments collected 
from catfish ponds treated with 2 rates of 
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Figure 8 . Exponential regression curves of fenvalerate 
degradation in bottom sediments collected 
from catfish ponds treated with 2 rates of 
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Figure 9 . Degradation of permethrin residues in muscle 
tissue of catfish collected from earthen 
ponds treated with 2 rates of Ambush, Baton 
Rouge, LA, 1979.
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Figure 10. Degradation of fenvalerate residues in muscle 
tissue of catfish collected from earthen 
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Figure 11■ Degradation of permethrin in visceral tissues 
of catfish collected from earthen ponds 
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Figure 12, Degradation of fenvalerate in visceral
tissues of catfish collected from earthen 
ponds treated with 2 rates of Pydriray, 
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